Abstract: Analyzing public movement in transportation networks in a city is significant in understanding the life of citizen and making improved city plans for the future. This study focuses on investigating the flow orientation of major activity regions based on smart card transit data. The flow orientation based on the real movements such as transit data can provide the easiest way of understanding public movement in the complicated transportation networks. First, high inflow regions (HIRs) are identified from transit data for morning and evening peak hours. The morning and evening HIRs are used to represent major activity regions for major daytime activities and residential areas, respectively. Second, the directional orientation of flow is then derived through the directional inflow vectors of the HIRs to show the bias in directional orientation and compare flow orientation among major activity regions. Finally, clustering analysis for HIRs is applied to capture the main patterns of flow orientations in the city and visualize the patterns on the map. The proposed methodology was illustrated with smart card transit data of bus and subway transportation networks in Seoul, Korea. Some remarkable patterns in the distribution of movements and orientations were found inside the city. The proposed methodology is useful since it unfolds the complexity and makes it easy to understand the main movement patterns in terms of flow orientation.
Introduction
Most major cities in the world have gradually developed over time without pre-defined plans. This often causes unarranged and unexpected changes of many regions in the city. Diagnosis of the urban sprawl is crucial to understand public movements, which have many facets attached: primarily traffic congestion, locating business centers, and type of residential setup; and secondarily information flow, spread of biological viruses, and urban and transit planning [1] [2] [3] [4] [5] [6] [7] . The objective of this paper was to develop a methodology for understanding the flow orientation of public movements from real data sources such as smart card transit data. Even though many methods for public movement analysis have been developed, one of the easiest ways of understanding the movement flow is to show the directional flow of each region. Moreover, the flow orientation analysis based on the smart card transit data, which contain the exact movement information of the public in transportation networks according to time and location, has not been analyzed yet. Visualization of such directional movements on the map is very useful for easy understanding of real public movements which were distributed in complicated transportation networks in the developed cities.
Generally, major activities in a city are concentrated in a small number of regions. By interpreting the flow towards the major activity regions, one can understand most of the public movements in the city. In this study, the term High Inflow Regions (HIRs) is used to refer the regions that attract the majority of the public to perform their activities during the daytime or residential areas at night. The term is similar to the poly-centers used in other studies [2, 8] , but HIRs also contain the residential regions, as well as major areas for daytime activities. Meanwhile, high traffic is plausible in network routes that connect origins and destinations; origins and destinations of trips along with time of travel depend on living and working locations. The HIRs for major daytime activities can be determined by investigating trips for morning commutes, while the HIRs for residences can be derived from the trips for evening commutes. The two kinds of HIRs are called morning HIRs and evening HIRs in this study, respectively. These are significant in urban development projects, transportation improvement, and social network analysis.
Another aspect covered in this paper was the distribution of traffic from the origin regions towards discovered HIRs. This flow orientation in traffic was measured from each direction towards HIRs. This directional flow orientation provided the comparative incoming flow from regions in different directions. Transport service providers can benefit by concentrating on dominant directions to provide the optimum level of transport for those regions. The availability of public transport can also be inspected for the least inflow directions.
In this study, the flow orientation was intended to be analyzed using real transit data of public transport. Smart card transit data was very useful to investigate the detailed movements in traffic according to specific times and locations. More specifically, the transit data in the morning and evening peak hours were focused on in order to identify the morning and evening HIRs in a city, respectively. For the purpose of abstraction and simplicity of regions, the Geohash system was adopted, which is a geo-coding system of mapping a specific location in the world to a unique code according to the required resolution [9] .
A directional inflow vector was obtained for each HIR based on the direction of the trip to the destination, and the vector was used to compare the similarity between two HIRs. Furthermore, the flow orientation patterns of HIRs were visualized by clustering the HIRs based on their directional inflow vectors. To illustrate the proposed methodology, smart card transit data for the bus and subway networks in Seoul, Korea, were utilized, and the implication of the method was described with the experimental results. In the experiments, the flow orientation patterns of morning HIRs were more variable compared to those of evening HIRs, which meant the working regions were more concentrated than the living regions in terms of orientation in this city. It was also possible to find the relationship between flow orientation and regional environment, such as a river and expressway in the city.
The contributions of this study can be summarized as follows:
 To understand major activity regions in a city, morning and evening HIRs were derived and investigated from real transit data.  To provide a comprehensible way of showing public movement, the method for flow orientation analysis were developed with a directional inflow vector and a dominant factor.  To lessen the complexity of complicated transportation networks, the Geohash system was adopted for scalable abstraction of bus stops and subway stations.  To show similar flow orientation patterns of HIRs, hierarchical clustering of HIRs was applied and then visualized on a city map.  Through a smart card transit data in Seoul, the illustration and effectiveness of the proposed method for flow orientation analysis were presented.
The remainder of this paper is structured as follows. In Section 2, the related work is discussed. In Section 3, the methodology for processing smart card transit data, discovering HIRs, and analyzing flow orientation of these regions is presented. In Section 4, the proposed methodology for flow orientation analysis is demonstrated with a smart card transit data collected in Seoul, Korea. In Section 5, the methodology is compared with the previous studies conducted by other researchers. Section 6 makes concluding remarks and describes future work.
Related Work
The subject of our research is use of public transport data such as smart card transit data to study human mobility for orientation of flow. Hence, a literature review on smart card-based transit data analysis will be provided and the studies will be segregated similar to our research interest to help readers understand and compare the research purposes of studies based on the smart card transit data. After that, the flow analysis on human mobility will be reviewed and similar studies to our method will be introduced, although their data sources were not smart card transit data because of little work on flow orientation based on the smart card transit data.
A review paper on smart card data-based study [10] focused on smart card technology applied in public transit as a whole, emphasizing research classification. This paper helps us develop perspective in research direction. We found few related studies conducted in past on smart card data and we listed them in Table 1 . Since the travel behavior using human mobility was studied for various purposes by researchers, we found it well again to categorize them for the purpose of the studies. Four categories of the studies were presented in Table 1 and described in succeeding paragraphs.
The first category is the clustering of geographical areas, which was also used in our research to group major activity regions for flow orientation. Spatial and temporal regularity of travelers was measured by researchers in the past by grouping them by chosen boarding/alighting stops and routes on different weekdays, and by grouping them by time of travel [11] [12] [13] . Morency et al. were further interested in the class wise regularity patterns of travelers [11, 12] . Kieu et al. went on to categorize passengers as based on the regular selection of time of travel over observed time frame [14] . The categories are regular, habitual and irregular passengers occasional. Some researchers have considered the travel behavior for a geographical location. Kim et al. clustered subway stops and created zones having similar directions of travel [15] . Du et al. clustered regions and studied travel patterns between regions regarding direction and destination of travel [16] . These existing researches have adjacency as common constraint that affects the accuracy of derived results. Another similar study was conducted by Roth et al. [5] . They studied variation in flow between subway stops and the orientation of flow. Our work is based on their study. We took it a step further by developing a more effective technique for studying the concentration of flow to perform flow orientation analysis in a detailed manner. Researchers interested in studying travel behavior generally use visualization for studying movement patterns. Prior to this study, maps were used to visualize commuting patterns at a time of day for different categories of passengers [17, 18] , and job and housing locations were marked in the form of stations or bus stops [19] . Map visualization also evolved over a period of time with more granularity in visualization combined with visual analytics. Zeng et al. used a map visualization with multidimensional attributes such as the volume of arrivals and the departure for each day of a week and activity categories in the area [20] . Compared to the previous studies on movement visualization, we showed HIRs and similarity between them in term of orientation pattern on the map.
Another research trend is to derive relationships between human mobility and the reason of travel from smart card transit data. Existing studies that fall into this category either relate passenger journeys with their travel purpose [21] using additional survey data; or relate the attractiveness of bus stops, stations or travel modes in terms of passenger inflow [22, 23] . Zeng et al. linked the arrivals and departures at stations with activities in the area based on the time of arrivals and departures [20] . Following this trend, our efforts were first to extract the relationship between regular traveler movements with the concentration of day and night activities; and second to extract the relationship between two regions for similarity in orientation of inflow.
The analysis of flow orientation, which was the objective of our research, was not very popular in our literature review of smartcard data analysis. Du et al. touched on this topic and analyzed routes connecting high density regions [16] . Roth et al. grouped bus stops based on proximity and high inflow in their research, and analyzed the orientation of flow for them [4] . Cats et al. identified public transport activity centers in line with passenger flow and spatial proximity [24] . They studied total flow (the sum of arrivals and departures), differential flow, and flow ratio variation in these clusters for a time of day segments. In another study, Song et al. identified the type of industrial agglomerations and analyzed each of these orientations with a respect to different transportation modes assess relation with transport accessibility [26] . This study gauged the proximity of agglomerations to different transport modes to access the source of flow and importance of transport accessibility for industry types. They studied the orientation of flow with the variation that we grouped the discovered regions for flow orientation. Furthermore, the implementation of their methodology in other geographical areas was less feasible. We performed analyses by defining new measures for comparing flow orientation, which was useful for comparison between two flow orientations. Moreover, we also demonstrated the use of clustering and visualizing tools in analyzing flow orientation geographically.
Furthermore, while most previous studies analyzed the smart card transit data at the bus stop/station or route level [2] , our research concentrated on the data at the geographical level. One of the highlights of this research is to show that the geographical complex flow information was analyzed in a simple way. The motivation for this was the assumption that analyzing the flow of high inflow areas is ample enough to understand rough geographical movement, and also to plan for future urban and network development. Hence, this study focused on the orientation of incoming flow for just a small number of HIRs. Moreover, the Geohash system was adopted to abstract the information of the geographical locations of stations and bus stops, and to choose a proper resolution. Using the Geohash system, we reduced the complexity of flow orientation analysis in this study.
The scope of this paper was restricted to analyze the flow orientation based on smart card transit data. Due to little work on past smart card data-based analysis, some major studies on human mobility from other types of data sources such as mobile phones and car GPS data were briefly introduced to compare with our study. To provide a glance on urban human mobility, which is an emerging area of interest for researchers, a few examples are provided. Zhu et al. clustered trips based on similarities of origins and destinations to bundle flow. This study provided a flow mapping view from different levels of resolutions and demonstrated the method with taxi data [25] . Wu et al. studied the urban human mobility by grouping trips with the same destinations [27] . They called it co-occurrence and the approach helped to understand the traffic flow at a given time in a given area. In their study, mobile phone trajectory data was used for demonstration. Andrienko et al. segmented events from trajectories based on car GPS data using specific query instead of focusing on the whole travel trajectories [28] . These clusters of movement events were used to analyze traffic conditions in the areas of interest. Those studies tried to analyze the traffic flow and visualize them geographically. In a similar way, this study also analyzed flow patterns in terms of flow orientation by using smart card transit data to discover the movement patterns of the public.
Meanwhile, there are three studies that were most related to this study [5, 15, 16] . Each of these studies attempted to develop methods to apply smart card transit data for analyzing high density concentration of flow and public mobility patterns. It seems that not many researchers have focused on performing this task. The HIR clusters in this study were a similar concept to the spark regions in [16] , poly-centers in study [5] , and MZPs in [15] . Each of the three studies discussed peak hour flow. However, they did not use it exclusively for discovering the high density of flow. Considering all of the day data simultaneously for discovering flow concentration could be misguided, since it includes both the journey and return. To remove this bias, we analyzed peak hour data, which served the purpose of analyzing regular travel behavior and could better help in capacity evaluation.
Morning and evening peak commute data were analyzed using the same method in this study. The former was for work destinations and the latter for residential. Poly-centers described in [5] did not separate residential and working destinations based merely on data. Spark regions in [16] could be bifurcated as high inflow or outflow, and considered both inflow and outflow for the entire day, but they could not clearly separate out residential and work places. In their experiments in study [15] , the MZPs were discovered for the morning and evening commute, while the MZPs could not be distinguished for residential or work concentration areas.
The normalized directional flow vector along with a dominance factor that was introduced in our study can help represent the variation in contributed flow for HIRs. It can also be used to compare any two HIRs for dominant direction and balance in the flow orientation. Roth et al. [4] performed directional flow analysis in which the normalization was through a null model, having actual inflow and outflow degrees of stations and randomized rides. Their method was not proper for comparing the characteristics of two regions since it targeted flow orientation for a required region.
Methodology
Smart card transit systems provide the ability to examine user behavior in a better way than revealed preference surveys [29] . The usage of transit systems in changing urban movement and local communities can be monitored in more precise and flexible manners [5, 30] . Taking this into consideration, smart card data was used for spatial analysis of a metropolitan city.
This smart card transit data were processed to transform riding and alighting stations/stops to the required resolution area using Geohash codes. Then, actual trips were segregated from transfer to obtain the final origin and destination (OD) database. This OD database was analyzed in this study to discover HIRs, which were the spatial regions on the map where the majority of the population preferred to travel. Each of these HIRs were further analyzed for flow orientation in this study considering inflow from eight compass directions. The analysis was carried out by comparing the directional flow for balance in the flow orientation.
Data Pre-Processing
The dataset considered for analysis in this study consisted of smart card transit data. It contained OD data in the form of station codes with time stamps. Other various attributes, such as amount paid, mode of transport, passenger category, route, and direction, were present in the smart card dataset.
During pre-processing, the origin and destination in the form of station codes were transformed to Geohash codes using GPS location. The main attributes of the OD dataset used in this study are presented in Table 2 . The origin and destination bus stops or subway stations were mapped to Geohash codes using their longitude and latitude. Although the Geohash system was not requisite in this research, it dramatically reduced the complexity of dealing with a large number of subway stations and bus stops. Geohash can globally offer the possibility to increase or decrease the size of considered regions by adjusting the number of digits according to the required analysis precision. Geohash codes range from 1 to 12 digits according to the different precision. As an example, Figure  1 depicts how a 4-digit grid, wydm, representing approximately 39.1 km × 19.5 km area of Seoul, is divided into 32 smaller 5-digit grids, and a 5-digit grid, wydmb, is again divided into 32 6-digit grids. In this study, the transportation data used for the analysis were processed to 6-digit Geohash codes at a spatial resolution level. In addition, we ignored transfers to reflect only the final destinations. To achieve this, trips where the stoppage between two trips was less than 30 min were merged, and the first origin and the final destination were then used. 
Discovery of High Inflow Regions
The pre-processed data contained origin and destination regions with time stamps for each individual trip. The destination regions were analyzed to find the HIRs, which were typically preferred destinations for the majority of travelers. The high inflow destination regions were chosen using the Pareto principle [31, 32] . The Pareto principle, which is also known as the 80/20 rule, acted as a basis for segregating HIRs. Typically, around 20 to 30% of regions that contributed to 80% of the total inflow were selected as HIRs and further analyzed for flow orientation. The proposed rule, also called the law of the vital few, was justifiable for assigning HIRs, since it is widely used in various businesses and scientific fields for making decisions. The assumption was that analyzing those around 20% alighting regions could explain the flow orientation of most of the area by overlooking noise.
Flow Orientation Analysis
Flow orientation in this study signified the directional ratio of the movement amounts of passengers from origins to the specific destination. To investigate the flow orientation of a HIR (destination), all origin regions of the destination were divided with respect to relative direction to the target destination. In this study, an arrow from the center of the destination to the center of the origin was drawn virtually and then the angle of the arrow was used to map the direction of the origin to one of eight compass directions.
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The directions of origin regions of a HIR and the flow amounts toward the HIR were used to measure the directional contribution of flow for the HIR. The directional contribution of flow for a particular HIR was proportional to the total incoming flow from all of the origin regions that belonged to the corresponding direction. Specifically, the directional inflow was used to measure each directional contribution, and the directional inflow of HIRi from direction d, denoted by fi d , was calculated as Equation (1):
where O d (HIRi) is a set of regions Rj's that are located in the d-th direction of HIRi, and fji is the movement amount from Rj to HIRi. In Equation (2), fi max is the maximum inflow of HIRi among all of the directional inflows of HIRi.
To compare the flow orientations among HIRs, the normalized directional inflow vector of HIRi, denoted by Fi, was calculated. The vector was derived from all of the directional inflows of HIRi normalized by the maximum directional inflow, as shown in Equation (3).
The normalized vector could be applied to measure the similarity among HIRs in terms of flow orientation. In this equation, D is the number of considered directions and eight compass directions (i.e., D = 8) were used in this study.
After the normalized directional inflow was derived for each HIR, we also measured the imbalance in inflow contributed by each direction. The dominance factor df was introduced to evaluate the dominance of the maximum directional inflow for other inflows as follows:
In Equation (4), the dominance factor of HIRi, denoted by dfi, is the summation of the differences between the maximum inflow and all of the directional inflows divided by the D−1 times of the maximum directional inflow. In flow orientation analysis, the dominance factor in terms of direction measured the extent to which the orientation of inflow was dominated by a single direction.
df had the maximum value of 1 when all of the directional flows were zero except for the maximum direction, while it had the minimum value of 0 when all of the directions equally contributed to the inflows. In other words, a high value of df indicated that a few directions contributed towards the inflow more than the other directions, while a low df indicated that all of the directions contributed to the inflow similarly.
Experiments
The flow orientation analysis was illustrated by applying the proposed methodology to smart card transit data in Seoul, Korea. In Seoul, the public transportation means such as bus and subway have charge of 64.3% among all transportation means, and the adoption rate of the smart card for public transportation reaches around 99%. A single weekday was chosen to analyze the regular travel patterns since it was known that weekdays had similar movement patterns in our preliminary study. The overall procedure of data transformation and experiments are presented in Figure 2 .
The bus and subway transit data in Seoul on a chosen weekday were used as input for the analysis. The data was first processed by converting stop/station numbers to Geohash codes and distinguishing transfers from trips. Later, we extracted the transit data in the morning and evening peak hours from the transformed data having the origin and destination in the form of Geohash codes, which was proper for analyzing major movement patterns in a city. This transformed data of morning and evening peak commute hours was then used to discover the HIRs where most of the activities were concentrated during the day and night. Finally, the HIRs were clustered using agglomerative hierarchical clustering (AHC) to investigate similar flow orientation patterns of HIRs. Each experiment and the results are presented in the following sub-sections. 
Data Pre-Processing
In this study, we employed the bus and subway transit data of Seoul, Korea. Weekday data for 2 February 2012, were used for the analysis. The attributes of the data used included passenger number, origin and destination station information, bus/rail type, and time stamp. These data were then transformed according to the proposed methodology so that the resulting origin and destination information was in the form of 6-digit Geohash codes. The size of a 6-digit Geohash region is approximately 1.2 km by 0.6 km in Korea, which depends upon the latitude of the region. Considering the distance between adjacent Geohash region, the area covered under 6-digit Geohash codes was found most suitable, because it was a walking distance and not large enough to use public transport for travelling within the Geohash region. In our OD data, 738 highlighted 6-digit Geohash regions existed. More specifically, they included a total of 736 destination regions and 737 origin regions as seen in the database.
In this study, we focused on the peak hours that could reflect major travel behavior on a day. A total of 4.5 million trips during the day were then divided into 24 hourly data based on the boarding time. We chose morning peak hours from 7:00 to 10:00 and evening peak hours from 16:00 to 20:00 to the extract HIRs of the morning and evening commutes. Morning HIRs had a high probability of being places where people travelled for daily activities, while evening HIRs had a high probability of being residential areas. Both the morning and evening peak commute data were analyzed separately after removing transfers to induce final destinations. Finally, the resulting OD dataset used in this experiment had 1.09 million trips for the morning and 1.30 million trips for the evening commute.
Discovery of HIRs
In this subsection, the morning and evening peak datasets were investigated separately to identify the HIRs where the majority of day and night activities were concentrated. The Pareto principle was also assumed that 80% of the output was produced by 20% of the input to deal with major flow orientation patterns. The inflow distribution of regional inflows in the morning and evening peak hours is shown in Figure 3 . In the figure, HIRs were sorted in descending order of the number of inflows. It could be found that the top 23% of regions (175 of 730 regions) had charge of 80.7% of trips (0.88 million among 1.09 million trips) for morning commutes, and the top 30% of regions (219 of 731 regions) had charge of 80.0% of trips (1.04 million among 1.30 million trips) for evening commutes. 
Flow Orientation Analysis
Once HIRs were selected, the analysis of flow orientation was performed for the HIRs. For each HIR, its origin regions were assigned to one of eight compass directions. Two directional inflow vectors Fi were then prepared for the morning and evening commutes by using Equation (3), and the dominance factor dfi was also calculated by using Equation (4) . The results of the dominance factors and maximum directional inflows of the HIRs in Seoul are summarized with their Geohash codes in Table A1 of Appendix A.
The df values gave the impression at first glance that the particular HIR was symmetrically connected to all of the directions in terms of flow volume. For 175 morning commute HIRs in Seoul, the mean value of df was 0.542 and the standard deviation was 0.101. For 219 evening commute HIRs, the mean value of df was 0.614 and the standard deviation was 0.113. It could be said that residential and working places were concentrated in specific directions and, moreover, working places were more concentrated in certain directions than residences, since the evening commute HIRs had a higher df than the morning commute HIRs.
To examine flow orientation patterns, the clustering of HIRs was performed and the result was then visualized on the map. To achieve this, the AHC technique was applied in this study. AHC is an unsupervised bottom-up clustering method for making hierarchical groups of instances based on the similarity among instances [33] . AHC can generate a dendogram as an output, which shows the progressive grouping of instances. The result gives the insight of dissimilarity in instances and sufficient options to select the suitable number of clusters. Hence, the AHC was adopted to understand the orientation flow patterns of HIRs in this research.
In this study, the similarity between the directional inflow vectors Fi of two HIRs was used to cluster the HIRs with AHC. Since Fi represents the normalized flow orientation from all eight directions for the HIR, clustering HIRs for Fi can find similar flow orientation patterns among HIRs. More specifically, average link clustering based on the Euclidean distance was opted. This clustering was justifiable in line with identifying HIRs having similar flow orientations. Figure A1 in Appendix B shows two dendograms representing the progress of hierarchically clustering the HIRs for morning and evening commutes. Based on the evaluation measures of cubic clustering criteria, such as Rsquare, pseudo f, and pseudo T-square, 27 HIR clusters for the morning commute and 15 HIR clusters for the evening commute were identified. The results of HIR clustering for the morning and evening commutes were visualized with df and f max as shown in Figure 5 .
The morning HIRs shown in Figure 5a signify clustering of major business or study destinations and, conversely, the evening HIRs in Figure 5b signify major residential destinations. In Figure 5a ,b, the HIRs with the same number or the same color belong to the same cluster, and their flow orientation patterns can be found in Figure 6a ,b with the cluster number. For example, many HIRs in the morning commutes shown in Figure 5a were clustered in Cluster 1 in yellow, which directional orientation was mainly E and W directions as depicted in Figure 6a .
On the two maps with locations of HIR clusters, many of the near HIRs have similar flow orientation patterns for the morning and evening commutes. It is reasonable to believe that near regions have higher probabilities of similar structure of residential and working places. Nevertheless, it could be found that flow orientation similarity among near HIRs in the morning is less than the similarity in the evening by comparing Figure 5a ,b. In other words, there were many similar flow orientation patterns among near locations in Figure 5b and also the orientation patterns were directed to the center of the city when inspecting the major directions shown in Figure 6b . However, morning orientation patterns shown in Figure 5a were more diverse than evening orientation patterns in Figure 5b .
Moreover, near regions are often segregated by transportation convenience, such as expressways and subway lines, and surrounding environments, such as rivers and parks. For example, most of the morning HIRs in the bottom of Figure 5a belong to Cluster 1 in yellow, which had mainly horizontal movement, such as the east and west directions (see the first fan diagram in Figure 6a ), because the south area of Seoul is separated from the center and the north areas by the Han River. Likewise, the HIRs in Cluster 7 above the river, shown in light pink, had E and NE directional dominant regions. However, the HIRs of Cluster 3, which are near the highway shown in orange, had vertical movement from a dominantly north direction. Moreover, the HIRs near the Han River in the south area, such as Clusters 4, 10, and 12, had a lot of inflow from the N direction due to the four bridges and the riverside expressway. It was interpreted that the flow was prominent across the river for HIRs near the highway. Such characteristics could also be found for the evening commute HIRs (see Clusters 9 and 12 depicted in Figure 6a (b) In Figure 6a , we could find more highly clustered regions for the evening commute compared to those for the morning commute shown in Figure 5a . This result was interesting, since evening commute patterns were expected to be symmetrical to the morning commute patterns in that residential and working places were exchanged between the two commutes. It could be explained that many of the evening commutes still remained from 20:00 to 23:00 except for what we considered to be the evening commutes, 16:00-20:00. The evening commute HIRs were expected to contain many new trips in the evening. It is expected that a variety of information can be induced from the results of flow orientation analysis and that this information can be utilized for the purpose of citizen movement analysis and urban development.
Conclusions and Future Work
Using smartcard transit data, an analysis for discovering HIRs was used to understand their complexity by showing that daily activities were concentrated in limited areas. In this study, we identified morning commute HIRs where most of the day time activities were concentrated and evening commute HIRs that were supposed to be the residential regions. The geographical abstraction based on Geohash codes made it easy to represent and identify HIRs on a city map. Along with detecting HIRs, we also provided flow orientation analysis for each HIR in this study, which expanded the variation in the attracted orientation of HIR in terms of the eight compass directions. The dominance factor df presented the balance in flow orientation for any region at a glance, and flow orientation vectors were used for in-depth analysis of flow by applying classical data mining and statistical techniques. In this study, this vector was utilized to create HIR clusters that could visualize flow orientation patterns in a city. The analysis illustrated the proposed methodology with the smart card transit data that had been collected from the subway and bus networks in Seoul. The results from the real data provided HIR clusters for flow orientation. This methodology can also be applied to smart card data for other places to study existing scenarios and to point to exceptions in movement. Analyzing existing scenarios is a prerequisite for making operational changes or planning an upgradation. For understanding the cause of high or low inflows, analysis results should be referred to with land use information and network data. This process can help transport service providers when adopted before any operational changes or transit network improvements are made, and for urban planning. For other urban development projects, it is beneficial when combined with the socio-economic features of passengers travelling to destinations.
The approach to flow orientation analysis might be straightforward to analyze the movement patterns in a city. Therefore, the proposed flow orientation analysis can provide basic information on how people travel in public transportation networks according to time and visualize main movement in the city. It is helpful to understand major movements of people related to context such as daytime activities and residence. In practice, more detailed analysis on flow orientation and human movement could surely be conducted to induce the patterns according to various types of activities and different time periods such as weekday and weekend.
For future studies, this research could be extended to a longer period and a different scales of areas, although the analysis in this study was conducted using one-day data in a city. In future research, it would also be interesting to compare inflow and outflow patterns even though this study was only focused on incoming flow orientation patterns. In addition, the context information of a city, such as point-of-interest [20] and accessibility [24] , could be integrated to provide more comprehensible results of flow orientation analysis results to civil planners. 
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